Introduction
How are memories formed and stored? This has been a fundamental question in neuroscience and decades of research have established that there is no simple answer. Distinct types of memories engage and require different brain regions. Circuits, cell types, cellular plasticity and molecular signalling vary across brain region. Therefore, it is unlikely that one particular molecular or cellular mechanism accounts for memory in general. Nonetheless, long-lasting enhancement of chemical synaptic transmission is believed by many researchers to be the cellular basis of memory. The experimental model of this long-lasting synaptic plasticity is long-term potentiation (LTP). While it is unlikely that LTP-like plasticity is the only cellular basis of memory, it has emerged that it is likely to be a memory mechanism. This conclusion results from a large number of studies that investigated the properties of LTP, its underlying molecular mechanisms and the correlation of LTP alterations with learning and memory. A recent Medline search showed that over 6,300 papers have been published on LTP. This chapter aims to summarize highlights of these accounts.
Key properties of LTP
LTP is an activity-induced, long-lasting increase in chemical synaptic transmission (Bliss and Collingridge, 1993) . In brain slices, LTP can last for several hours and in the intact brain, it can last several months (Abraham et al., 2002) . Before the discovery of LTP, electrophysiologists had not identified neuronal plasticity that lasted for more than a few minutes (Lømo, 2003) . It was acknowledged that such short-lasting plasticity could not support the storage of long-term memory, 1 which may last a lifetime. Due to its longevity, LTP is thought to model a mechanism of long-term memory. Additionally, LTP can be induced in many brain regions that are relevant for particular forms of long-term memory. These brain regions include the amygdala, hippocampus, neocortex, and even the cerebellum, a brain structure important for motor memory in which the converse process of long-term depression (LTD) has long been championed as a storage device.
Most LTP experiments have used transverse hippocampal slices to study LTP at CA1 synapses. This preparation has two major attributes: First, the ease with which pharmacological treatments can be both washed in and washed away, allowing for interrogation of the contribution of molecular targets to the induction, expression and maintenance phases of LTP and, second, the simple, monolayered anatomy of the hippocampus, allowing for analysis of synaptic events using extracellular field recording techniques (Skrede and Westgaard, 1971) . To induce LTP, an electrical tetanus (a high-frequency barrage of electrical pulses) is normally applied to an afferent fibre pathway (in this case, the Schaffer collaterals) via a stimulating electrode while recording synaptic events in a postsynaptic population of neurons (in this case, CA1 pyramidal cells). Depending on the frequency and pattern of tetanisation distinct types of CA1 LTP can be induced (Table 1 .1). A standard tetanus (e.g. 100 Hz, 1 s) induces "early" LTP (E-LTP) that declines within 3 hours. The induction of this LTP type requires activation of NMDA receptor channels that allow for calcium entry at the postsynapse (Bliss and Collingridge, 1993) . A stronger tetanus (200 Hz) not only induces NMDA receptor-dependent LTP, it also evokes voltage-gated calcium channel (VGCC)-dependent LTP (Grover and Teyler, 1990) . Furthermore, multiple tetani, such as four 100-Hz tetani, induce "late" LTP (L-LTP) that lasts for at least 8 hours in hippocampal slices, which is about the life time of this tissue preparation (Frey et al., 1988) . L-LTP induction is NMDA receptor-dependent and the late phase of L-LTP requires protein synthesis. However, depending on the stimulation protocol, distinct types of L-LTP are induced; only some of which require gene transcription (Huang and Kandel, 2005) . Taken together, it is not possible to generalize LTP. However, in the context of memory, NMDA receptor-dependent long-lasting potentiation is primarily considered (Martin et al., 2000) .
In addition to its longevity, LTP has further properties that make it an intuitive memory mechanism: (1) It is input specific, meaning that only synapses that experience tetanisation induce LTP; (2) It is co-operative, meaning that LTP induction requires tetanisation above a particular threshold. Therefore, only particular inputs can generate LTP; (3) It is reversible; (4) It is associative, meaning that a subthreshold tetanus can only induce LTP if it coincides with a stronger, LTP-inducing tetanus at neighbouring synapses. This associativity is reminiscent (Cooke et al., 2006) and GluR1 memory (Reisel et al., 2002) . (Zamanillo et al., 1999) . This LTP type is most commonly studied.
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sex-dependent impairment in spatial reference memory (Mizuno et al., 2007) . This LTP is not essential for contextual fear memory after a massed training session (Irvine et al., 2011) .
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This LTP type does not seem to dependent (Grover and Tyler, be induced in the brain after 1990). training in a memory task, as the training-induced increase in synaptic transmission if fully dependent on NMDA receptor activation (Gruart et al., 2006; Whitlock et al., 2006) . of Pavlovian conditioning, in which a behaviourally neutral conditioned stimulus (e.g. tone) is paired with an unconditioned stimulus (e.g. shock). Moreover, the conversion of E-LTP into L-LTP can be associative, if the induction of E-LTP (resulting from one tetanus) occurs around the same time as the induction of L-LTP (resulting from multiple tetani) at another synapse of the same dendritic branch (Frey and Morris, 1997; Govindarajan et al., 2011) .
Training-induced occurrence of LTP
Until 1997, it was not known whether LTP-like plasticity is induced under physiological conditions, in particular whether it occurs in the brain after training in a behavioural memory task. Up to this time, it was conceivable that the LTPinducing tetanisations provided by the stimulation electrodes do not mimic firing patterns that occur in the brain of the behaving animal. However, in 1997, it was shown that tone fear conditioning induces an LTP-like synaptic potentiation in the amygdala (Rogan et al., 1997) . Later in the hippocampus, an NMDA receptordependent LTP-like synaptic potentiation was detected after training in memory tasks (Gruart et al., 2006; Whitlock et al., 2006) . The first of these studies used hippocampus-dependent trace eyeblink conditioning and it detected an NMDA receptor-dependent increase of excitatory transmission at CA1 synapses (Gruart et al., 2006) . Learning in this task could be prevented by LTP saturation using tetanic stimulation. The other study detected an NMDA receptor-dependent increase of excitatory transmission at CA1 synapses after training in the passive avoidance task (Whitlock et al., 2006) . This increase in synaptic transmission occluded further induction of LTP. Later the same group also found an induction of LTP-like synaptic potentiation in neocortex after visual experience (Cooke et al., 2010 ). An experience-dependent LTP-like synaptic potentiation has also been detected in the motor cortex (Rioult-Pedotti et al., 2000) . Taken together, these studies suggest that an LTP-like long-lasting synaptic potentiation can be induced by behavioural experience.
LTP and Hebb's postulate
In his book the Organization of Behaviour, 1949, Donald Hebb wrote a theoretical contribution as to how a memory mechanism might operate. Hebb's postulate that "when neuron A repeatedly or persistently fires neuron B, then some metabolic or growth changes are induced so neuron A fires neuron B more efficiently" proposes that the communication between neurons is enhanced to form a memory. Many publications mention that LTP follows Hebb's postulate. However, strictly speaking, this is not entirely correct. Hebb's postulate refers to the firing of neurons and never discusses synapses. The term "LTP" very specifically describes the process of enhancing excitatory synaptic transmission and an increase of transmission at a single synapse is unlikely to result in a change of neuronal firing. Multiple synaptic inputs are usually needed to evoke action potentials. Nevertheless, Hebb's postulate captures the essence of why LTP is an attractive mnemonic device. The induction of L-LTP can be clustered on the same dendritic branch and such clustering likely contributes to increased neuronal firing (Govindarajan et al., 2006 (Govindarajan et al., , 2011 . Additionally, the induction of LTP is associated with an E-S potentiation (E = excitatory postsynaptic potential; S = spike) (Bliss and Collingridge, 1993 ). E-S potentiation affects neuronal firing without changing synaptic strength. Instead, changes in intrinsic cell excitability lead to more effective induction of action potential firing for a given excitatory input. The mechanisms underlying E-S potentiation are not known and whether or not E-S potentiation relates to memory is understudied.
Molecular mechanisms underlying LTP
As already mentioned, depending on the tetanisation, different forms of LTP can be induced at a given synapse. Furthermore, very different mechanisms can underlie LTP induction, expression and maintenance at distinct synapses. For example, mossy fibre LTP in hippocampal area CA3 is induced at the presynapse, whereas CA1 LTP is induced at the postsynapse (Bliss and Collingridge, 1993) . It is beyond the scope of this chapter to discuss the molecular mechanisms underlying all known types of LTP. Instead the chapter will focus on key molecular mechanisms underlying LTP at CA1 synapses (Figure 1 .1). It is commonly accepted that this type of LTP requires posttranslational modification and trafficking of synaptic proteins. In the later LTP stages, structural changes at the existing synapses occur, but growth of new synapses is not involved (see Chapter 2). The induction of CA1 LTP requires activation of the NMDA receptor at the postsynapse (with the exception of VGCC-dependent LTP that is induced with a very strong tetanus). NMDA receptor activation leads to postsynaptic entry of calcium that acts as second messenger to induce molecular signalling (Bliss and Collingridge, 1993) . A key molecule that becomes activated by this calcium entry is the calcium/calmodulin-dependent protein kinase II ( CaMKII) (Lisman et al., 2002) . CaMKII is an abundant, multifunctional serine/threonine kinase that switches its activity state from calcium-dependence to -independence upon autophosphorylation. CaMKII autophosphorylation is essential for the induction of NMDA receptor-dependent LTP, as demonstrated with various induction protocols (Giese et al., 1998; Yasuda et al., 2003; Cooke et al., 2006; Irvine et al., 2011) . The function of CaMKII autophosphorylation is likely to prolong molecular signalling to trigger LTP induction (Irvine et al., 2006) .
A further critical step for the establishment of LTP is AMPA receptor trafficking that increases AMPA receptor density and consequently enhances glutamatergic transmission (Malinow, 2003) . AMPA receptor subunits are localized in the plasma membrane and in internal vesicles. LTP induction leads to the fusion of internal vesicles, resulting in the delivery of additional AMPA receptor . This leads to autophosphorylation of alphaCaMKII that is essential for the LTP induction. The autophosphorylated CaMKII is likely to contribute to trafficking of GluR1 subunits (blue), which leads to increased GluR expression in the synaptic membrane. Autophosphorylated CaMKII may also regulate the locate translation of PKMzeta that is required for the maintenance of LTP enabling GluR2 trafficking and counteracting a homeostatic endocytosis of GluR2 subunits.
subunits to the postsynaptic membrane. Increasing the density of the AMPA receptors at the postsynapse leads to enhanced glutamatergic transmission. In adult CA1 neurons, the AMPA receptor subunit GluR1 traffics after LTP induction and this requires CaMKII activity (Malinow, 2003) . However, in immature hippocampal neurons, trafficking of the GluR4 subunit is of relevance, which is not CaMKII dependent (Malinow, 2003) . Additionally, in immature hippocampus, LTP can also be expressed presynaptically (Ward et al., 2006) . In agreement with this, in immature hippocampus CA1 LTP does not require CaMKII autophosphorylation (Yasuda et al., 2003) . In adult hippocampus, additional calcium-dependent signalling, such as participation of protein kinases A ( PKA) and C ( PKC), is involved in trafficking of GluR1 subunits (Kessels and Malinow, 2009) . It is interesting to note that GluR1 trafficking is not required for some types of CA1 LTP in adult hippocampus (Frey et al., 2009) and that trafficking of the GluR2 subunit is also important for CA1 LTP (Sacktor, 2011) . A key regulator of GluR2 trafficking is an atypical isoform of PKC, PKMzeta. PKMzeta maintains GluR2 trafficking and thereby maintains LTP. Interestingly, PKMzeta protein is locally synthesized from mRNA in dendrites. Thus, PKMzeta is required for the establishment and maintenance of protein synthesis-dependent L-LTP. The most widely studied form of CA1 L-LTP is dependent on gene transcription in the nucleus. In this case, a signal is transmitted from the synapse to the nucleus to induce transcription. Translocation of importin subunits appears to be critical for this (Thompson et al., 2004) . In the nucleus, the transcription factor cAMP-responsive element-binding protein (CREB) is essential for the induction of transcription-dependent LTP (Josselyn and Nguyen, 2005) . Various kinases can activate CREB including calcium/calmodulin-dependent kinase IV ( CaMKIV) and mitogen-activated protein kinase ( MAPK). It is not clear how many genes are transcribed after LTP induction. LTP-induced gene transcriptions appear to occur in cascades as the initial wave of transcription involves immediate-early transcription factors, which can trigger further waves of transcription. Most of the newly synthesized mRNAs are translated into plasticity-related proteins (PrPs) in the soma of the neuron. Thereafter, the PrPs diffuse into the dendritic tree and are targeted to the activated synapse. The activated synapse has a "tag" so that the diffusing PrPs can be captured selectively by this synapse (Frey and Morris, 1997) . Tagging involves a change of diffusion into the spine through the spine neck (Okada et al., 2009 ) and CaMKII signalling is required for tagging (Redondo and Morris, 2011) . It remains unclear what the identity of the critical PrPs is and what functions they carry out at potentiated synapses. However, in current models, it seems that PrPs do not induce local synaptogenesis, but, instead, seem to strengthen the existing, potentiated synapse. Accordingly, models of memory storage currently posit that only existing synapses need to be modified in a "permanent" manner (see below).
It remains unclear how many signalling processes are involved in the induction, expression and maintenance of LTP. More than 100 different knockout mice have LTP deficits. In the vast majority of the cases, LTP is reduced but not completely blocked. Conceptually, these knockout studies have not tested whether a particular signalling molecule is a core component or just a modulator of LTP (Lisman et al., 2003) .
Is LTP required for memory?
To establish that the experimental model LTP reflects a true memory mechanism, the impact of selective manipulations of LTP must be assessed experimentally at the behavioural level (learning and memory are properties of a behaving animal). The first study of this kind was performed in the 1980s by Richard Morris (Morris et al., 1986) and it has been followed by hundreds of experiments. Taken together, these studies strongly suggest that LTP-like plasticity is important for memory, although there is also evidence that alternative plasticity processes can be critical (e.g. Giese et al., 2001; Irvine et al., 2011) .
Attempts have been made to block LTP at the electrophysiological level, using strong tetanisation to saturate LTP at most synapses. However, these saturation experiments have not been conclusive, possibly because not all synapses could be saturated by electrical stimulation. In combination with lesioning of one of the two hippocampi, LTP saturation impairs spatial memory formation (Moser et al., 1998) , suggesting that LTP-like plasticity is required for spatial memory formation.
More conclusive findings have resulted from studies blocking LTP at the molecular level. For example, LTP can be inhibited pharmacologically, although not many specific blockers are available. Accordingly, Richard Morris used the NMDA receptor blocker AP-5 to inhibit LTP induction (Morris et al., 1986) . He showed that infusion of AP-5 into rat hippocampi impairs spatial memory formation. Therefore, this study suggested that NMDA receptor-dependent LTP-like plasticity is required for spatial memory formation. However, the use of a very high dose of AP-5 affected the performance of the animals in the water maze that was used to assess spatial learning. Therefore, Morris et al. repeated the experiment with different doses of AP-5 (Davis et al., 1992) . They found that a lower dose of AP-5 fully blocked the induction of CA1 LTP, but only partially impaired spatial memory formation. A further limitation of the AP-5 studies is that blocking the NMDA receptor not only blocks LTP, it also impairs other plasticities, such as LTD and synaptogenesis. The latter is not believed to contribute to LTP. Instead, LTP refers explicitly to the strengthening of existing synapses.
In the early 1990s, Alcino Silva established that genetic modification of mice is a useful tool to investigate the function of LTP-like plasticity in learning and memory. In Susumu Tonegawa's lab, he knocked out the gene encoding α-isoform of CaMKII and showed that this reduces NMDA receptor-dependent CA1 LTP and impairs spatial memory formation (Silva et al., 1992a, b) . These experiments represent the beginning of a molecular biological era to study the role of LTP-like plasticity in learning and memory. While Silva's study was of fundamental importance, it had its limitations. For example, it was noted that the alphaCaMKII knockout mice have seizures (Butler et al., 1995) , which in principle may impair spatial memory formation. Furthermore, it emerged that CA1 LTP is reduced, but still present, in the alphaCaMKII knockout mice and that the remaining plasticity was supported by a compensatory translocation of betaCaMKII (Elgersma et al., 2002) . Later, both of these confounds were overcome in alphaCaMKII-T286A knock-in mice, which cannot autophosphorylate at threonine 286 (Giese et al., 1998) , thus preventing the activity of the kinase in absence of calcium. These latter mutants have a complete block of NMDA receptor-dependent CA1 LTP (Giese et al., 1998; Yasuda et al., 2003; Cooke et al., 2006; Irvine et al., 2011) , they have no seizures, and they are impaired in spatial memory formation . Shortly after Silva's study, Seth Grant and Eric Kandel published that genetic knockout of another kinase, fyn, impaired CA1 LTP and caused deficits in spatial memory formation (Grant et al., 1992) . However, it emerged that these mutants can form spatial memory when helped to overcome a swimming deficit in the water maze . The fyn knock-out mice have obvious developmental abnormalities in the hippocampus; the number of neurons is drastically increased due to a lack of apoptosis during development. This observation inspired some researchers to claim that knockout studies are generally confounded by developmental abnormalities offering a "trivial" explanation for impaired memory formation. However, it is now known that at least some knock-outs have impaired memory formation due to deficits that are unrelated to developmental abnormalities. For example, K v beta1.1 knock-out mice have impaired memory formation at a young age, but memory formation is improved in old age, indicating that deficit in plasticity, and not a developmental abnormality, accounted for the impairment at a young age . Furthermore, deficits in memory formation can be pharmacologically rescued in various mouse disease models, suggesting that impaired plasticity, and not abnormal development, accounts for the behavioural deficits in these models (Ehninger et al., 2008) .
Knock-out mutations have also been restricted to particular brain regions or cell types in order to improve the analysis of LTP manipulation and its impact on memory formation. Region-restricted knock-outs can be generated with the Cre/ loxP recombination system. In transgenic mice, Cre recombinase is expressed under control of a region-specific promoter and when expressed, Cre deletes an essential region from a target gene that is surrounded by loxP recombination sites. There are only a few currently known brain region-specific promoters available, so not many region-restricted knockouts have been produced. Nonetheless, the essential NMDA receptor subunit NR1 was knocked out specifically in hippocampal area CA1 (Tsien et al., 1996) . These mutants not only fail to exhibit NMDA receptor-dependent CA1 LTP, but they are also impaired in memory formation in various hippocampus-dependent tasks (Tsien et al., 1996; Rampon et al., 2000) . These results are in agreement with the findings obtained by Richard Morris using the pharmacological approach to block the NMDA receptors (Morris et al., 1986; Davis et al., 1992) and they suggest an important role for mechanisms of NMDA receptor-dependent CA1 LTP in memory formation. Interestingly, environmental enrichment of the CA1-NR1 knock-out mice rescues the impairments in nonspatial memory tasks (Rampon et al., 2000) . The rescue has been linked with synaptogenesis in CA1. Thus, in addition to mechanisms of CA1 LTP, synaptogenesis may enable memory formation in non-spatial tasks.
A specific role for CA1 LTP
In most mutant mouse studies, a reduction or increase of NMDA receptordependent CA1 LTP correlates with altered hippocampus-dependent learning (Silva, 2003) . This strongly suggests that NMDA receptor-dependent LTP-like plasticity in CA1 has an important role in learning. However, some studies found conditions that allowed for hippocampus-dependent memory formation despite impaired CA1 LTP (e.g. Rampon et al., 2000; Reisel et al., 2002; Irvine et al., 2011) . Thus, it is emerging that NMDA receptor-dependent LTP-like plasticity in CA1 may have a specific, rather than general, role in memory formation. Analyses of the following two mutant mouse lines make this case (see also, Table 1 .1).
GluR1 knock-out mice lack NMDA receptor-dependent CA1 LTP after a standard tetanisation (100 Hz, 1s) and these mice have normal memory formation in the spatial reference memory version of the water maze, where the hidden platform is in a fixed location (Zamanillo et al., 1999) . Importantly, lesion experiments showed that this type of spatial memory formation is hippocampus dependent in the mutants (Reisel et al., 2002) . Further behavioural analyses revealed that the GluR1 knock-out mice are impaired in hippocampus-dependent spatial working memory tasks, such as memory formation in the T maze (Reisel et al., 2002) . These results initially suggested that NMDA receptor-dependent LTP-like plasticity in CA1 has a specific role in hippocampal memory formation, being essential for spatial working, but not reference, memory. However, follow-up LTP investigations revealed that theta burst stimulation leads to a slow, gradual development of NMDA receptor-dependent CA1 LTP that requires CaMKII signalling (Hoffman et al., 2002; Frey et al., 2009; Romberg et al., 2009) . These findings are in agreement with the notion that distinct mechanisms of CA1 LTP may have different roles in memory formation. Mechanisms of GluR1-independent LTP appear to be sufficient for spatial reference memory formation, whilst mechanisms of GluR1-dependent LTP appear to be essential for spatial working memory. Interestingly, GluR1-independent LTP develops slowly and it might be not fast enough to reflect mechanisms of working memory. Both of these CA1 LTP types (GluR1-dependent and -independent) require the activation of the NMDA receptor and it remains to be seen whether both types of plasticity are induced by behavioural experience.
In contrast with GluR1 knockout mice, autophosphorylation-deficient alphaCaMKII-T286A knockin mice (T286A mutants) do not have NMDA receptor-dependent CA1 LTP (Giese et al., 1998; Yasuda et al., 2003; Cooke et al., 2006; Irvine et al., 2011) . Standard tetanisation, theta burst stimulation and multitetanisation cannot induce this type of LTP in the T286A mutants. In contrast, NMDA receptor-independent CA1 LTP can be induced in the T286A mutants (Giese et al., 1998) , but such plasticity does not seem to be induced by training of rodents in a memory task (Gruart et al., 2006; Whitlock et al., 2006) . The complete block of NMDA receptor-dependent CA1 LTP in the T286A mutants in combination with contextual fear conditioning studies have suggested that NMDA receptor-dependent LTP-like plasticity has a specific role in memory formation. Contextual fear conditioning is a hippocampus-dependent task, in which a mouse is conditioned to a neutral environment (context). After a single training trial, the T286A mutants cannot form contextual fear memory (Irvine et al., 2005 (Irvine et al., , 2011 . However, after five training trials, the T286A mutants form a contextual fear memory. This contextual fear memory in the T286A mutants is hippocampus dependent (Irvine et al., 2011) . Thus, mechanisms of NMDA receptor-dependent CA1 LTP appear important for one-trial memory formation but they are not essential for memory formation after repeated training ( massed training session).
LTP and long-term memory storage
After memory formation is completed, memory needs to be stored. Do the mechanisms underlying memory formation also contribute to long-term memory storage? Some molecular mechanisms underlying memory formation are transient and therefore, they cannot contribute to memory storage that persists for longer time. However, at the cellular level, LTP-like plasticity may contribute to both formation and storage of memory. If LTP contributes to memory storage, then blocking of LTP maintenance should impair memory.
LTP occurs at existing synapses. Thus, LTP maintenance must involve molecular signalling processes that are immune to protein turnover. Every protein has a lifetime in the range of hours to days that is much shorter than long-term memory or LTP, lasting several months or longer. Theoretically, molecular feedforward systems were proposed to underlie memory storage (Crick, 1984; Lisman, 1985) . CaMKII was the first protein to be championed as a storage device (Lisman et al., 2002) . This is because the autophosphorylation of CaMKII switches the kinase into an ON state. Furthermore, CaMKII is a holoenzyme that consists of 12 subunits and the autophosphorylation is an intersubunit reaction (Hanson et al., 1992) . Thus, the turnover of one subunit may lead to the incorporation of a newly synthesized, non-autophosphorylated subunit that can be switched ON by a neighbouring subunit in the ON state, thereby enabling immunity to molecular turnover. While the model is very elegant, it cannot be supported by experimental evidence. Specific blockade of CaMKII after LTP induction does not impair the maintenance of LTP (Buard et al., 2010) and loss of CaMKII autophosphorylation does not correlate with failure of long-term memory storage (Irvine et al., 2005 (Irvine et al., , 2006 Buard et al., 2010) .
Instead, the constitutively active kinase PKMzeta is now recognized as being critical for LTP maintenance (Sacktor, 2011) . mRNA encoding the PKMzeta isoform is localized in dendrites where it is translated on demand. Under basal conditions, the mRNA translation is inhibited by the protein Pin1. However, this translational block is relieved when signalling is induced at a nearby synapse. Once translated, PKMzeta phosphorylates Pin1 and blocks the translational repression of the PKMzeta mRNA. Thus, a positive feedback loop of local translation assures that PKMzeta activity outlasts protein turnover. At the activated synapse, the continued PKMzeta activity leads to enhanced trafficking of the AMPA receptor subunit GluR2. GluR2 trafficking needs to be continuously increased to overcome a homeostatic mechanism that opposes an increase of GluR2 subunits in the postsynaptic membrane. A synthetic peptide termed ZIP (PKMzeta inhibitory peptide) can be used to specifically block PKMzeta and this peptide inhibits the maintenance of CA1 LTP when applied after induction (Pastalkova et al., 2006) . Additionally, ZIP blocks spatial memory when delivered locally in the hippocampus several days or weeks after training. In fact, many different memories can be blocked by ZIP application after training (Serrano et al., 2008; Shema et al., 2009) . Erasure of memory storage correlates with impaired GluR2 trafficking, providing a strong link between a mechanism of LTP maintenance and memory storage (Migues et al., 2010) . However, hippocampal infusions of ZIP do not block contextual fear memory (Serrano et al., 2008; Kwapis et al., 2009) . Since contextual fear memory storage requires the hippocampus, this suggests that LTP maintenance mechanisms are not important for this type of memory storage. In summary, LTP maintenance appears to be important for storage of most, but not all memories. A more comprehensive discussion of mechanisms underlying memory storage can be found in Chapter 9.
LTP and sex differences
The vast majority of LTP studies have been done with male rodents. A possible reason for this sex bias may be the idea that studies using females will have larger variances than studies with males, due to changes in hippocampal synapse number during the oestrous cycle. However, such a difference in variance has not been observed when comparing data from males and females randomized for the oestrous cycle. It has become clear from these studies that the signalling mechanisms underlying CA1 LTP differ between males and females (Mizuno and Giese, 2010) . Interestingly, sex-specific impairments in CA1 LTP correlate with sex-specific deficits in hippocampus-dependent memory formation. A more comprehensive discussion of sex differences in memory formation can be found in Chapter 7.
Conclusion
The discovery of LTP opened a new, exciting subfield within neuroscience that has produced a wealth of experimental findings. LTP models an endogenous strengthening of existing synapses that is very likely to be a memory mechanism. Furthermore, it seems likely that particular types of LTP-like plasticity have specific roles in learning and memory, such as enabling one-trial memory formation. Interestingly, LTP is impaired in mouse models of diseases including Alzheimer's disease, which results in major memory deficits in humans (Chapter 13). Thus, developing a full mechanistic understanding of LTP promises to greatly aid the development of treatments for memory deficits (see also, Chapters 14 and 15). However, it has also emerged that LTP is not the only correlate of memory. Other types of plasticity, such as de novo synaptogenesis (Chapter 2), modulation of neuronal excitability (Chapter 3), neurogenesis in adult brain (Chapter 4), rewiring of neuronal connections (Chapter 8), and LTD may also contribute to learning and memory.
